Determine the distribution of birthweights in singleton births by gestational age and gender at Marquette General Hospital, a rural referral center in Michigan's upper peninsula.
INTRODUCTION
The first growth curves for birthweight as a function of gestational age were generated from a Denver, Colorado population by Lubchenco et al. 1 in 1963. These growth curves were intended to discriminate preterm low-birth-weight infants, who were at greater mortality risk, from other low-birth-weight infants. 2 Despite the impact of race, sex, socioeconomic status, altitude, and four decades of birthweight distributions, these curves are still widely used in newborn nurseries.
Birthweight by gestational age can be influenced by race, [3] [4] [5] [6] [7] [8] ethnicity within and between races, 4,9-14 socioeconomic status, 15 gestational diabetes, 16 maternal smoking, maternal height and weight, 17 maternal weight gain during pregnancy, 18 and the newborn's sex. [3] [4] [5] Second-generation immigrants have been shown to have larger birthweight newborns than their first-generation counterparts. 19 Likewise, general trends towards larger babies over the decades have been noted. 20 Birthweight may predict growth over the first years of life 21 and may be a risk factor for future medical conditions. 22, 23 Our observation has been that a disproportionate percentage (>10%) of the newborns at our institution were designated as large for gestational age (LGA), which is usually assigned to newborns with birthweights above the 90th percentile for their gestational age. Since the LGA designation is associated with a greater risk of short-term morbidity, primarily hypoglycemia, 24 hyperbilirubinemia, polycythemia, 25 and obstetrical complications, 26 these newborns are often closely monitored, especially with repeated blood glucose determinations. Infants undergoing multiple blood glucose determinations have more intense responses to subsequent painful procedures than other infants. 27 Standard growth curves may overestimate the number of LGA infants and underestimate small for gestational age (SGA) infants. Unisex growth curves may overestimate the number of male infants who are LGA and underestimate the number of female infants who are LGA. Specific growth curves for population subsets may be needed to identify newborns truly at risk. 28 To determine the proper criteria for LGA and SGA in our patient population, we analyzed the data for birthweight, gestational age, and sex of newborns born at our institution.
MATERIALS AND METHODS
The obstetrical birth log at Marquette General Hospital was examined for newborns admitted from January 1, 1999 through December 31, 2001 . Marquette General Hospital provides both secondary and tertiary care to the Marquette area and the entire upper peninsula of Michigan. Marquette is on the shores of Lake Superior with an altitude of slightly more than 600 ft. Maternal age, parity, gestational age, newborn sex, birthweight, Apgar scores, blood type, group B Streptococcus status, delivery type, and birth complications were recorded. Twin gestations and newborns with missing values for birthweight or gestational age were disregarded. Gestational age was considered the number of completed weeks at the time of delivery and in most cases had been determined by confirmatory prenatal ultrasound. Approval for this research was obtained from Marquette General Hospital's Investigational Review Board.
Univariate, multivariable, t-tests, and correlation analyses were performed using the SAS version 8.02 (SAS Institute, Cary, NC). tTest calculations assumed unequal variances using the Satterwaith method. Model selection was accomplished with the assistance of forward, backward, stepwise, and adjusted R 2 methods. We looked for evidence of interaction between parameters and quadratic elements contributing significantly to the model. Maternal diabetes mellitus included mothers with diabetes mellitus prior to pregnancy and those with gestational diabetes. If the infant was the product of the woman's first pregnancy not ending in a spontaneous or elective abortion, we considered her a primipara.
Comparisons of our birthweight medians by gestational age (unadjusted for other factors) to published birthweight medians by gestational age 1, 29, 30 were performed using a nonparametric sign test. We determined the number of infants who would be designated LGA or SGA using the various published criteria.
1,29,30

RESULTS
From January 1, 1999 through December 31, 2001, 2099 babies were delivered at Marquette General Hospital. There were 33 sets of twins and 12 stillborns. Data were not available for the birthweight of 12 babies. Gestational age was not recorded for seven babies, and maternal age was not recorded for 22 mothers. Birthweight and gestational age data were both available in 2013 singletons. Birthweight, gestational age, and maternal age data were all available in 1991 singletons. Complete data for the multivariable analysis were available in 1989 singletons.
Our mothers averaged 27.32 (SD ¼ 5.72) years of age and averaged 38.70 (SD ¼ 2.30) weeks gestation at the time of delivery. Singletons delivered at our institution weighed 3430 g (SD ¼ 635.63) on average.
The median birthweight, 10th percentile, and 90th percentile for each week gestation are given in Table 1 . Males were 51.5 g heavier than female infants as evident from raw data (p ¼ 0.0002) and 128 g heavier after adjusting for gestational age (p<0.0001).
Among prenatal parameters, birthweight was significantly correlated with the sex of the infant (r ¼ 3.76, p ¼ 0.0002), maternal age (r ¼ 0.05968 l, p ¼ .0076), gestational age (r ¼ 0.68272, p<0.0001), primiparous mothers (t ¼ À3.84, p ¼ 0.0001), abruption (t ¼ À3. 16 , p ¼ 0.0101), pregnancyinduced hypertension (t ¼ À4.34, p<0.0001), prolonged rupture of membranes (t ¼ À6.18, p<0.0001), and race (Caucasian versus non-Caucasian) (t ¼ 1.63, p ¼ 0.1067). Birthweight was also associated with a variety of obstetrical outcomes, including Cesarean section for any indication, repeat Cesarean section, Cesarean section for failure to progress, Cesarean section for breech presentation, 1-minute Apgar score, meconium staining, and shoulder dystocia (Table 2) . Adjusting for the sex of the infants, maternal age, gestational age, primiparous mothers, and maternal diabetes negated the associations seen in univariate analysis for meconium staining, Cesarean section for breech presentation, and 1-minute Apgar scores. Cesarean section for any indication and repeat Cesarean section were not associated with birthweight on univariate analysis, but was significantly associated with birthweight after adjustment for confounding factors. The best predictive model of birthweight included the sex of the baby, maternal age, primipara mothers, gestational diabetes, and gestational age as both a first-order and second-order variable (p<0.001 for all variables). No significant interactions could be found between these variables. Values for maternal ages and gestational ages were centered on their mean values and assigned a value of 1 for males and 0 for female infants. Values for the linear regression estimates and their confidence intervals are given in Table 3 . This model provided an R 2 value of 0.4988 and an adjusted R 2 value of 0.4973. Within this model, controlling for other factors, males were 119 g heavier than female infants, infants of mothers with diabetes mellitus were 238 g heavier, for each year of increased maternal age babies were 5 g heavier, and primipara mothers had babies who were 116 g lighter. Gestational age was the strongest predictor of birthweight. Of interest, gestational diabetes was not correlated with birthweight using raw unadjusted data (t ¼ 0.11,
Comparisons of our data to those of Lubchenco et al., 1 Alexander et al. 30 and the Canadian database 29 are shown in Table 4 . The median birthweights for babies born at our institution were significantly higher than the 2921 males and 2714 female babies born in Denver from July 1948 to January 1961, 1 the 347,570 males and 329,035 female babies born in Canada (with the exception of Ontario) between January 1, 1994 and December 31, 1996, 29 or the 3,808,689 single live births from 1991 recorded in the U.S. Live Birth File created by the National Center for Health Statistics. 30 A total of 615 infants in our database with gestational ages from 36 through 42 weeks would be designated LGA using the criteria published by Lubchenco et al. 1 308 using the criteria published by Alexander et al. 30 289 using the Canadian criteria, 29 and 191 using 
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Birthweights at a Rural Referral Center our own birthweight distribution. Similarly, 20 infants in our database with gestational ages from 36 through 42 weeks would be designated SGA using the criteria published by Lubchenco et al., 1 40 using the criteria published by Alexander et al., 30 48 using the Canadian criteria, 29 and 208 using our own birthweight distribution.
DISCUSSION
The results confirmed our suspicions that newborns from our institution were significantly larger than those found in published databases. This may be attributed to our homogeneous population, primarily of northern European heritage, maternal nutritional status, and possible older maternal age.
The factors associated with birthweight were not unexpected. Interestingly, maternal diabetes mellitus was not significantly correlated to birthweight until adjusted for other factors in multivariable regression analysis. After adjustment for the sex of the infant, maternal age, gestational age, primiparous mothers, and maternal diabetes, birthweight was associated with a greater risk of Cesarean section and shoulder dystocia. Owing to our method of data collection, we were not able to assess how birthweight impacted neonatal morbidity.
Birthweight as a function of gestational age was introduced in the 1960s as a method to distinguish morbidity/mortality risk of low birthweight babies. The prognosis for a baby who was small because of prematurity was not as promising as a more mature baby who was SGA. Later, Lubchenco and Bard 24 postulated that LGA babies were at a greater risk for hypoglycemia because LGA babies represented undiagnosed infants of diabetic mothers. Consequently, most hospital nurseries follow protocols that closely monitor the blood glucose levels on LGA newborns.
We now face the dilemma of what criteria for LGA to apply at our institution. For a 39-week gestation male newborn, should the cutoff for LGA be 3780 g based on Lubchenco et al., 1 3980 g based on Alexander et al., 30 4049 g based on Kramer et al., 29 or 4176 g based on our institution's data? Before answering, we need a better understanding of how birthweight increases the risk for hypoglycemia, hyperbilirubinemia, or polycythemia based on the measured risk of disease rather than arbitrary statistical cutoffs . 31 Our data suggest the need to disseminate new growth charts with updated criteria for SGA and LGA. The practitioner should be cautioned that national reference standards may not apply to their local population. Separate regional, racial, and ethnic standards may need to be developed. In our institution, for example, reliance on national reference standards results in an underdiagnosis of SGA infants and an overdiagnosis of LGA infants. Consequently, screening and surveillance efforts are inappropriately applied to our population of infants. A more diversified database may be needed to develop a model that incorporates the factors we were unable to assess such as race, ethnicity, and maternal height and weight. Practitioners could use such a model to determine if a particular infant has a birthweight outside what would be expected given that particular infant's demographics and risk profile.
The shortcomings of our study include the retrospective nature of the data collection, the inexactness of gestational age (although most mothers have an ultrasound early in pregnancy to confirm their dates), and the possible inaccuracies of data incorporated into the birth log. A review of the medical records for individual subjects could have eliminated some of these inaccuracies, but it is doubtful that a chart review would substantially alter our results because the number of babies was adequate to tease out most factors of clinical importance. Unfortunately, certain gestational ages lacked the numbers of newborns to allow statistical inference. Consequently, we focused on gestational ages of 36 to 41 weeks. Finally, our cross-sectional analysis did not attempt longitudinal follow-up of the impact of prenatal and perinatal factors on long-term outcomes.
The birth log did not include information regarding maternal smoking, maternal pre-pregnancy weight and weight gain during pregnancy, maternal height, and medical management during pregnancy. These factors, as well as race and ethnic origin may influence birthweight, leaving room for further study.
Nearly all of our babies were Caucasian, so we were unable to reach any conclusions regarding the impact of race on birthweight. Likewise, we did not attempt to control for altitude, a factor that has been of inconsistent importance in other studies.
